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C W G E S  IN THE GAS METABOLISM, GAS HOMEOSTASIS AND TISSUE 
RESPIRATION I N  THE RAT DURING PROLONGED HYPOKINESIS 

V .  L .  Popkov, E .  S.  Mailyan, Yu. S. Galushko, 
Ye. A .  liovalenko, Ye. I .  Zaytseva, 1 .  A .  Ni tochkina,  

L .  V .  Smulova and A .  V .  Ryathski, 

L imi ta t ion  o f  t h e  motor a c t i v i t y  of  man is  one of  t h e  most important  prob- /1808* - -  
lems of our  time. 

i n  t h e  volume of  muscular work i n  a l l  spheres  of l abor ,  and t h e  course  of  

s c i e n t i f i c  and t e c h n i c a l  p rog res s .  

is  a l s o  of i n t e r e s t  fo r  c l i n i c a l  p r a c t i c e  and space medicine.  

Ihe la t ter  is  l inked  wi th  t h e  p rogres s ive ly  growing decrease  

The effect of  hypokinesis  on t h e  organism 

In  t h e  many i n v e s t i g a t i o n s  devoted t o  genera l  phenomenology and patho- 

genes i s  of  hypokines is ,  a s i g n i f i c a n t  amount of  a t t e n t i o n  i s  pa id  t o  t h e  gas-  

- ene rge t i c  a spec t  of hypokinesis  [ l -4 ,  8,  91. This  i s  due t o  t h e  f a c t  t h a t  a 

decrease  i n  t h e  l e v e l  of func t ion ing  o f  t h e  muscular system must ur.aioidably 

a l te r  t h e  l e v e l  o f  t h e  e n e r g e t i c  processes  i n  t h e  t i s s u e s ,  which i n  i t s  t u r n  

has  a d i r e c t  l i n k  with t h e  gas metabolism and wi th  t h e  dynamics of gases  a t  

a l l  l e v e l s  of  t r a n s p o r t  of  0 and CO i n  t h e  organism. 2 2 

The task of t h i s  i n v e s t i g a t i o n  was a complex s tudy  o f  o v e r a l l  gas meta- 
bol ism,  i n t r a t i s s u e  gas homeostasis and t h e  i n t e n s i t y  of  t i s s u e  r e s p i r a t i o n  

i n  whi te  r a t s  kept  i n  a condi t ion  of long term (60 days j  hypokines is .  

The Method 

Limi ta t ion  of motor a c t i v i t i e s  o f  t h e  s u b j e c t  animals was caused by 

,p lac i . ig  white  r a t s  i n  s p e c i a l  r e s t r i c t i n g  cages where they  were kept. under 

cond i t ions  o f  f i xed  pos tu re  f o r  a per iod  of 60 days.  

c e l l  made i t  p o s s i b l e  i n  t h e  process  of t h e  experiment t o  feed  and water  t h e  

animals and t o  remove waste products .  The s u b j e c t  and c o n t r o l  rats dere kep t  

i n  one room under i d e n t i c a l  temperature  cond i t ions  (+18-+20°) ; feeding  of both 

groups of animals  was c a r r i e d  out  according t o  a d i e t  of t h e  I n s t i t u t e  of 

The c o n s t r u c t i o n  o f  t h e  

*Numbers i n  t h e  margir~ i n d i c a t e  pag ina t ion  i n  t h e  fo re ign  t e x t .  
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N u t r i t i o n ,  USSR Academy of Medical Sciences.  A s  opposed t o  t h e  test  animals ,  

t h e  con t ro l  animals were p laced  i n  groups o f  10 i n  cages of t h e  o rd ina ry  

vivarium type  measuring 45 X 45 X 35 cm. The o v e r a l l  gas metabolism was 

determined by t h e  c losed  chamber nethod us ing  48 t e s t  and 30 c o n t r o l  animals .  

For t h i s  purpose t h e  group of rats (8-19) was p laced  f o r  1 hour i n  a s e a l e d  

chamber measuring 0.17 m The average s m  

consumption of oxygen, l i b e r a t e d  carbon d iox ide  gas ( i n  m l  p e r  100 g l i v i n g  

weight p e r  minute) and t h e  r e s p i r a t o r y  c o e f f i c i e n t  (P”)  were determined 

according t o  t h e  f i n a l  chemical composition of  t h e  a i r  ( i n  %). 

2 volume a t  a temperature  of +20° .  

?he i n t r a t i s s u e  oxygen t e n s i o n  (PO ) and carbon d ioxide  gas t e n s i o n  (pC0 ) 2 2 
were determined a f t e r  t h e  t i s s u e  depot  [ l l ]  method i n  t h e  mod i f i ca t ion  o f  V .  

L .  Popkov. 

law of Henry-Dalton: 

t o  t h e  t ens ion  o f  t h e s e  gases  loca t ed  i n  a c losed  space above t h e  t i s s u e  ( i n  t h e  

gas depo t ) .  

means of  subcutaneously admin i s t e r ing  20 cm a i r .  After 18 hour s ,  2-3  cm a i r  

evenly mixed with t h e  t i s s u e  gaseous rnixtme was drawn o f f  by means o f  a 

hypodermic needle  f o r  microanalys is  on t h e  Scolender  appa ra tus .  

composition of  t h e  gaseous mixture  was c a l c u l a t e d  f o r  oxygen t e n s i o n  (p0 ) and 

carbon d ioxide  gas t ens ion  (pC0 ) i n  mm Hg, wi th  c a l c u l a t i o n  of common atmos- 

p h e r i c  p re s su re ;  t h e  vapor p r e s s u r e  of water  (pH 0) and t h e  temperature  of t h e  

gaseous medium mixture  i n  t h e  depot  were determined.  

/ 1809 - The method of  gas tonometry used by us i s  based on t h e  phys ica l  
t h e  t e n s i o n  of gases  d i s so lved  i n  t h e  t i s s u e  i s  equal  

Constant  gas depots  i n  t h e  subcutaneous t i s s u e  was c r e a t e d  by 
3 3 

Tht percentagc  

2 

2 

2 

The i n t e n s i t y  of  t i s s u e  r e s p i r a t i o n  was determined a t  t h e  45th and 60th 

days o f  hypokinesis  u s ing  t h e  Wartvrg appara tus  i n  s e c t i o n s  of t i s s u e  of  t h e  

c e r e b r a l  c o r t e x ,  t h e  h e a r t ,  t h e  l i v e r ,  and t h e  s k e l e t a l  muscles (quadraceps 

muscle o f  t h e  h i p ) .  

-Lock s o l u t i o n  i n  an atmosphere of pure  oxygen [ 101. 

The incuba t ion  o f  s e c t i o n s  was c a r r i e d  o u t  i n  a Wringer- 

A t  t h e  end of  t h e  60-day long experiments ,  i n  bo th  groups o f  animbls 

( t e s t  and c o n t r o l ) ,  de te rmina t ion  was made of  t h e  maximum phys ica l  working 

capac i ty  t e s t e d  by maximun swimming time of r a t s  under a load equal t o  15% 

of t h e  ani mal.'^ weight (maximum dynamic work), and according t o  

t h e  animal could s t a y  i n  a v e r t i c a l  s e a t  wi th  t r a n s v e r s e  s t r a p s  

maximum time 

(maximum s t a t i c  

2 



workj.  

amyta l - r e s i s t an t  and amytal-sensi t i .de  i e s p i r a t i o n )  was s t u d i e d  by means o f  

intraabdominal  admin i s t r a t ion  o f  sodium-amytal i n  t h e  amount of 7 mg p e r  100 g 

animal weight ( a f t e r  t h e  method of  S .  P .  Masiov and I .  N .  IvsshkFna [SI). 

The r e l a t i o n s h i p  o f  free and phosphorylat ion ox ida t ion  (according t o  

3.10 

2.97 

Resu l t s  of t h e  I n v e s t i g a t i o n  and Thei r  Discussion 

2.18 

2.32 

The i n v e s t i g a t i o n s  showed t h a t  common gas metabolism among whi te  rats over  

a perioc' of a continuous 60-day long s t a y  i n  cages provid ing  l i m i t e d  movement 

d i d  no t  s i g n i f i c a n t l y  change. 

Table i ,  no s i g n i f i c a n t  d i f f e r e n c e s  i n  oxygen consumption i n  t h e  course of t h e  

experiment were found among t h e  t e s t  and c o n t r o l  r a t s .  

carbon d iox ide  gas among t h e  t e s t  r a t s  somewhat exceeded t h a t  of  t h e  con t ro l  

animal,  which l e d  t o  h i g h e r  va lues  of t h e  r e s p i r a t o r y  c o e f f i c i e n t ,  b u t  t h i s  

d i f f e r e n c e  was s t a t i s t i c a l l y  u n r e l i a b  l e .  

A s  one can see from t h e  average d a t a  c i t e d  i n  

The i i b e r a t i o n  of 

48 
46 
39 
23 

TABLE 1. GENERAL GAS METABOLISM AMONG WHITE RATS DURING 60-DAY 
LONG HYPOKINESIS 

3.11 2.64 
3.24 2.68 
3.11 2.65 
2.98 2.66 

Control rats I Test rats 

Starting 
gas meta- 
bolism 

'. 15th 
30th 
45th 
60th 

30 

30 
30 
30 
30 

0.72 

0.78 
0.69 
0.72 
0.85 

48 3.03 I '2.08 

0.68 

0.81 
0.82 
0.84 
0.89 

In  a d d i t i o n  t o  de te rmining  t h e  genera l  gas metabolism, t h e  i n d i c e s  o f  

i n t r a t i s s u e  gas homeostasis - P O  

depots  ne thod) .  Deten t ion  of  oxygen i n  t h e  t i s s u e s  i s  a t e rmina l  s t a g e  of  t h e  

oxygen cascade along t h e  pa th  of passage of  0 i n t o  t h e  organism, whi le  t i s s u e  

t e n s i o n  of carbon d iox ide  gas c h a r a c t e r i z e s  t h e  i n i t i a l  s t a g e  of CO d i f f u s i o n  

from t h e  organism i n t o  t h e  environment.  'Ihe gaseous composition o f  t h e  t i s s u e s  

e x e r t s  a l a r g e  in f luence  on t h e  work of enzymes and, consequent ly ,  on t h e  course  

of metabol ic  processes  i n  t h e  t issues of  t h e  organism. 

drawing, t h e  abso lu te  va lues  o f  PO, and pC02 i n  t h e  subcutaneous gas depots  

and pC02 were s t u d i e d  (according t o  t h e  gas 2 

2 

2 

As one can see from t h e  

- 
3 



dur ing  hypokinesis d i d  not  s i g n i f i c a n t l y  change. 

d a t a ,  a f te r  Student ,  showed t h a t  f l u c t u a t i o n s  i n  FC] 

throughout t h e  course of t h e  expcriment d i d  not  extend beyond t h e  limits of a 
r e l i a b l e  i n t e r v a l  (x +- 1.36 0-2 f o r  the o r i g i n a l  l e v e l ;  d i f f e r e n c e s  i n  t h e  

va l ces  of PO and pC02 i n  t h e  t e s t  and c o n t r o l  animals were a l s o  not  noted 

( p  > 0.10:. 

l i nked  with t h e  o rd ina ry  rhythm o f  v i t a l  a c t i v i t y  o f  t h e  organism. 

a b s o l u t e  value of  PO 

of t h e  coordinated a c t i v i t y  of t h e  r e s p i r a t o r y ,  c i r c u l a t o r y ,  and o t h e r  systems 

of t h e  organism, then proceeding from t h e  obtained d a t a  i t  should b e  concluded 

t h a t  the system of oxygen and carbon d iox ide  gas t r a n s p o r t  i n  t h e  organism does 

no t  change during hypokinesis .  

An a n a l y s i s  o f  our  experimental  

and pC02 i n  t h e  t i s s i i e s  2 
/1810 

X 

2 
In  ou r  opinion,  f l u c t u a t i o n s  i n  t h e  i n t r a t i s s u e  PO and pC02 a r e  

S ince  t h e  

and pC02 i n  t h e  p e r i p h e r a l  t i s s u e s  is  a t e rmina l  r e s u l t  

2 

2 

t I n  a d d i t i o n  t o  t h e  general  gas 
50 

30 

10 

Korm 10 20 .?U 40 5@ 60 

metabolism, determining t h e  consump- 

t i o n  of oxygen by c e r t a i n  t i s s u e s  

is  o f  i n t e r e s t .  A s t u i  of t h e  i n -  

t e n s i t y  o f  t i s s u e  r e s p i r a t i o n  (on 34 

r a t s )  showed t h a t  among t h e  t i s s u e s  

Tissue Tension o f  Oxygen (PO ) and i n v e s t i g a t e d  by us  t h e  most c l e a r c u t  

Carbon Dioxide Gas (pC02) i n  mm Hg 

i n  t h e  Norm and During Hypokinesis. myocardium (Table 2 ) .  ?bus, t h e  con- 

2 
changes appear  i n  t h e  l i v e r  and t h e  

Along t h e  a x i s  of  t h e - o r d i n a t e  - 
t i s s u e  t e n s i o n  of c.:ygen and carbon sumption of 0 i n  s l i d e s  o f  t h e  l i v e r  2 
d iox ide  i n  mm3. 
pCOz; s t r i p e d  column - p02. 

mm3 i n  t h e  c o n t r o l  group (F < 0.0001).  

t i o n  became less pronounced cnd was 108 ? 11.1 mx: 0 

myocardium, oppos i t e  resul ts  were ob ta ined .  Here, a f t e r  only 45 days,  a tendency 

toward a dec rease  i n  abso rp t ion  of  0 

hypokinesi  

r e s p i r a t i o n  (35 2 6 . 2 2  mm3 p e r  100 mg p e r  moist  t i s s u e  p e r  hour with 62 2 4 . 7 8  

i n  t h e  c o n t r o l ,  p .(: 0 . 0 5 ) .  

muscles,  a f t e r  45 and 60 days from t h e  onset of hypokinesis ,  no c l e a r c u t  changes 

i n  t h e  i n t e n s i t y  of r e s p i r a t i o n  were ob red. 

White column - a t  t h e  45th day of hypokinesis  i n -  

creased t o  131 2 9 .97  nun 
moist  tissue p e r  hour a t  85 f 5.98 

3 p e r  100 mg 

By t h e  60th day t h i s  i n c r e a s e  i n  r e s p i r a -  
3 [p > 0 .OS) . In  t h e  2 

was d e t e c t t d ,  and on t h e  60th day of 2 
t h e r e  was a s i g n i f i c a n t ,  s t a t i s t i ca l ly  r e j i a b l e  weakening of 

In t h e  b r a i n  t i s s u e s  and tissues of t h e  skeletal  

4 



TABLE 2 .  INTENSITY OF TISSUE RESPIRATION IN mm' 0, PER 100 

mg MOIST TISSUE PER HOUR 

Conditjons of the 
e xpe rim e n  t 

Control M 
m 
n 

Hypokinesis 41 
m 

45 days n 
P 

Hypokinesis ni 
m 

60 days n 
P 

B i ~ i n  

78 
*4.25 
17 

85 
57.25 
12 

> 0.05 
65 
15.72 
5 

> 0.05 

Heart 
- 
62 
+4.78 
17 

56 
57.95 
12 

> 0.05 
38 
k6.22 
5 

< 0.05 

Liver 

85 
55.98 

I 7  

13i 
59.97 

1: 
< o.oGo1 

108 
+ll.l 

5 
> 0.05 

L 

-- 
Muscles 

19 
*3.98 
17 

25 
56.59 
12 

> 0.05 
17 
14.30 

5 
> 0.05 

In t h e  la ter  i n v e s t i g a t i o n s  c a r r i e d  ou t  on pulp  samples o f  t i s s u e s  i n -  

cubated i n  a medium con ta in ing  ox ida t ion  s u b s t r a t e s  ( succ ina te  and a-ke to-  

g l u t a r a t e ) ,  t h e  same p r i n c i p l e s  were obta ined .  I n  t h e  l i v e r  t i s s u e ,  t h e  i n -  

t e n s i t y  of  r t - p i r a t i o n  inc reased ;  i n  one experiment by 50% (30th day o f  hypc- 

k i n e s i s )  , and I.n t h e  o t h e r  by 63% (45th day of  hypokines is ,  p < 0.05) .  

t i s s u e s  of  t h e  cryocardium abso rp t ion  of 0 decreased by l X ,  i, < 0.05 (60th 

day) . 

-- /1811 
Tn t h e  

2 

Hence , t h e  repea;  experii;eats wi th  long teriii l imi t ed  movement showed t h a t  

i n  t h e  course  of t h e  second month of hypokines is  pe r iods  of an i n c r e a s e  i n  t h e  

i n t e n s i t y  of r e s p i r a t i o n  i n  t h e  l i v e r  occc r  wi th  decrease  o f  i t s  l e v e l  i n  t h e  

myocardium. 

In a d d i t i o n  t o  s tudy ing  t h e  genera l  and reg iona l  gas metabolisms, t h e  

e n e r g e t i c  e f f e c t i v e n e s s  D f  r e s p i r a t i o n  es t imated  according t o  t h e  amytal tes t  

was c a r r i e d  o u t .  

s h i p  o f  amytz l - r e s i s t an t  2nd amyt? l - sens i t i ve  r e s p i r a t i o i ~  a t  t h e  60th  day of 
hypokines is .  Consequently,  t h e  r c l a t i o m h i p  of free and phosphoryla t ion  oxida-  

t i o n  i n  t h e  i n v e s t i g a t e d  pe r iods  of time among t h e  t es t  animals remain t h e  same 

as i n  t h e  c o n t r o l .  

46 t 2.0%, i n  t h e  con t ro l  - 45 f 1.8%. 

However no d i f f e r e n c e s  were found i n  tke  percentage  r e l a t i o n -  

Amyta l - res i s tan t  r e s p i r a t i o n  among t h e  t e s t  rats comprised 

5 



The dynamics of  l i v e  weight o f  t h e  t e s t  and c o n t r o l  animals is  shown i n  

Table 3 ,  from which i t  follows t h a t  t h e  weight o f  t h e  t e s t  rats c o n s t a n t l y  l ags  

behind t h e  weight of t h e  c o n t r o l .  

t h e  weight o f  t h e  c o n t r o l  ra ts ,  which were kep t  under cond i t ions  o f  f r e e  move- 

ment, was 392 + [sic] 18 g,  s i g n i f i c a n t l y  exceeding t h e  weight of t h e  t e s t  

ra ts  - 273 k 10 g. 

By t h e  end af t h e  60th day o f  t h e  experiment,  

Day of the 
expenment 

A f t e r  a 60-day long pe r iod  of  hypokinesis ,  t h e r e  was a s h a r p  dec rease  i n  

t h e  animals '  phys i ca l  endurance [Table 4 ) .  Changes i n  bo th  t h e  dynamic and 

s t a t i c  component of working capac i ty  were noted.  

dynamic work decreased by more than 2.5 times. 

c r e a s e  i n  t h e  c a p a c i t y  f o r  s t a t i c  work [a  dec rease  of  9 t i m e s ) .  These d a t a  

i n d i c a t e  fa r  p rogres s ing  d e t r a i n i n g  o f  t h e  animals '  s k e l e t a l  musculature i n  
t h e  course o f  t h e  60-day long pe r iod  of hypok ines i s .  

The d u r a t i o n  o f  maximum 

There was an even g r e a t e r  d e -  

Control rats Test rats 
Wei h of 

NO. of ani&af, In g 
animals I (1 o+)  animals nimal, 6 g 

N O .  of e i g h t 0  F (2 k 8 1 )  

Original 30 
weight 

is 30 
30 30 
45 30 
60 30 - 

274 51 5 48 2545 8 

323 * I2  4 255+ 6 
3/18 516 46 261 510 
380 +18 39 2i2-+ 5 
392*:18 23 213 *io 

TABLE 4 .  MAXIMUM PHYSICAL WORKING CAPACITY OF WHITE 
RATS DURING A 60-DAY LONG PERIOD OF HYPOKINESIS 

Animals after 
Physical endurance a 60-dav long 

Maximum duration of maximum 
dynamic work (swimming test) 
i n  seconds 

( i S ; O , )  . . . . . . . . 

pyai) 

Maximum duration of maximum 
static work (vertical posture) in 
seconds . . * . . . . . 

191 k0.37 

183+0 57 

76kO. 10 

, 20f0.02 
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Hence, t h e  i n v e s t i g a t i o n s  which were conducted showed t h a t  a 60-day long /1812 

pe r iod  o f  hypokinesis  does no t  cause s i g n i f i c a n t  :hanges i n  t h e  general  gas 

metabolism i n  t ens ion  of  oxygen and carbon d iox ide  i n  t h e  t i s s u e s .  

r e s p i r a t i o n  o f  c e r t a i n  t i s s u e s  changes: i n  t h e  course of t h e  second month 

per iods of  i nc reased  i n t e n s i v y  of  r e s p i r a t i o n  of t h e  l i v e r  and a decrease of  

r e s p i r a t i o n  i n  t h e  myocardium were d e t e c t e d .  

t h e s e  changes, one can surmise t h a t  an i n c r e a s e  i n  r e s p i r a t i o n  of t h e  l i v e r  c e l l s  

were probably caused by a predominance of  c a t a b o l i c  processes  over anabo l i c  

ones [6] i n  t h i s  pe r iod  of  hypok ines i s .  But t h e  load l e v e l  of  r e s p i r a t i o n  of 

t h e  c a r d i a c  muscles i s  r e l a t e d  t o  t h e  t r a i n i n g  of  t h e  myocardium with t h e  

t r a n s i t i o n  of  i t  t o  a new and lower l e v e l  of  func t ion ing  under cond i t ions  o f  

lowered motor a c t i v i t y .  

However, 

With r e s p e c t  t o  t h e  reasons Cor 

n.e s h a r p e s t  d i s r u p t i o n s  i n  our tests were observed i n  t h e  f u n c t i o n a l  

a c t i v i t y  of  t h e  ske le ta l  musculature ( sha rp  dec rease  i n  working capac i ty )  and 

i n  t h e  p h y s i c a l  development o f  t h e  animals ,  which was manifested i n  a decrease 

i n  tempos o f  weight i n c r e a s e  of  t h e  animals .  The l a g  i n  weight of  t h e  animals 

i n d i c a t e s  d i s o r d e r s  of  t h e  p l a s t i c  metabolism and i s  caused, obviously,  by 

d i s o r d e r s  o f  p r o t e i n  s y n t h e s i s  [7 ] .  

Conc l u s  ions  

1 .  A 60-day long peziod o f  hypokinesis  does not  have a s i g n i f i c x t  i n -  

f l uence  on t h e  gene ra l  gas metabolism and i n t r a t i s s u e  gas homeostasis .  

2 .  Long term hypokinesis  causes changes i n  t h e  i n t e n s i t y  of t i s s u e  r e s p i r a -  

t i o n :  

(at t h e  45th and 60th d a y s ) .  

an i n c r e a s e  o f  r e s p i r a t i o n  i n  t h e  l i v e r  and a dec rease  i n  t h e  myocardium 

3 .  Physical  working capac i ty  of  t h e  animals a f te r  a 60-day long pe r iod  

of hypokinesis  dec reases  s e v e r a l  times. 

4 .  A 60-day long pe r iod  of hypokinesis  causes a s i g n i f i c a n t  r e t a r d a t i o n  

i n  i n c r e a s e  i n  t h e  animals '  weight.  

7 



REFER ENC ES 

1. 

2 .  

3.  

4 .  
5.  
6 .  

7. 

8 .  
9 .  

10.  

'1. 

Balakhovskiy, I .  S . ,  L .  I .  Karpova and S .  F .  Simpura, ProbZ. kosmichesk. 

Ivanov, D .  I . ,  V .  B .  Malkin, I .  N .  Chernyakov, V .  L .  Popkov and Ye. 0 .  
biolog. ,  Vol. 1,  p .  345, 1962. 

Fopova, i n  t h e  book: Aviatsionnaya 7. kosmicheskaya meditsina [Aviat ion 
and Space Medicine],  MOSCOW, p .  202, 1963. 

spe ts iaz i s tov ,  posv. p a q a t i  A. V .  Lebedinskogo [Mate r i a l s  of  a S c i e n t i f i c  
Conference of Young S p e c i a l i s t s  Devoted t o  t h e  Memory of  A .  V .  Lebedinskiy],  
Moscow, p .  95,  1965. 

Kalinichenko, I .  R . ,  i n  t h e  book: Mater. nauchn. konfer.  molodykh 

Katkovskiy, V .  S . ,  Kosmichesk. biolog. i med., Vol.  1, p .  67,  1367. 
Maslov, S .  P .  and I .  N .  Ivashkina,  Vopr. med. kh,lmii, Vol 10 ,  p .  24 .  
Fedorov, I .  V . ,  V .  N .  Vinogradov, Yu. I .  Milov and L .  A .  Grishanina,  

Fedorov, I .  V . ,  Yu. I .  Milov, V .  N .  Vinograd,ov and L .  A .  Grisnanina,  

D e i t r i c k ,  J .  E . ,  G .  D .  Whedon and E .  Shor r ,  Am. J .  Med., Vol.  41, p.  3 ,  1948. 
T a y l o r .  '.. L . ,  D .  Henschel, J .  Brozek and A .  Keys, J .  A ~ p l .  PhysioZ., 
Vol. 2 ,  No. 5 ,  p .  223, 1949. 

Umbreit, W .  W . ,  R .  H .  Bur r i s  and J .  F .  S t a u f f e r ,  Manometric Techniques 
a d  Related Methods for  ;he Study of Tissue Metabolism, Minneapolis,  
1946. 

Kosni-ichesk. bioZog. i rned., Vol. 1, p .  53, 1967. 

Kosm&esk. biolog. i med., Vol. 2 ,  p .  2 2 ,  1968. 

Van L'ew, H . ,  J .  A p p l .  Physiol.,  Vcl. 1 7 ,  No. 6 ,  p .  851, 1962. 

T rans l a t ed  f o r  t h e  Nat ional  Aeronaut ics  and Space Adminis t ra t ion under Con t rac t  
No. NASw-2485 by Techtran Corporat ion,  P.O. Box 729, Glen Burnie,  Maryland, 
21061; t r a n s l a t o r ,  Samuel D .  Blalock, Jr .  

8 


